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Value trade-ofts deline how much must be gained in the achievement ol one ohjective to compensale for a lesser achievement on a
dilferent objective. Value trade-offs that adequately express 4 decision maker's values are essential both for good decision making in
multiple-objective contexts and for insightful analyses of multipie-objective decisions. This paper identifies and illustrales 12 important
mistakes frequently made that limit one's ability to determine useful value trade-offs. It then suggests how (o avoid making these mistakes.
The intent is to provide practical advice for making good value trade-offs, and hence, better decisions.

1. INTRODUCTION

Most important decisions invelve multiple objectives, and
usually with multiple-objective decisions, you can’t have
it all. You will have to accept less achievement in terms of
some objeclives in order to achieve more on other objec-
tives. But how much less would you accept to achieve how
much more? The answers specify a value trade-off and indi-
cate two consequences that are indifferent to each other
Making the judgments about how much you would give
up on one objective to achieve specific amounts on other
objectives is the essence of value trade-offs. Consider the
following example.

A designer and selier of wireless telephones outsources
manufacturing. It requests proposals from prospective man-
ufacturers and evaluates offers in terms of cost and guality
of the telephones. The cost is measured in terms of dollars
per telephone and quality by the failure rate of telephones
that malfunction in the first 90 days of use. For one of
next year's models, the company has received two offers:
One company will charge $200 and the expected failure
rate is 8%; the other company will charge $230 with an
expected failure rate of 4%. Which of these two alterna-
tives is preferred?

Krowing this information, the issue is whether a
decrease in cost from $230 to 3200 is preferred to, indif-
ferent to, or less prelerred than a decrease in [ailure rale
from 8% to 4%. This judgment requires a value trade-off
between cost and failure rate, which states specific changes
in both cost and [ailure rate that result in one being equiv-
alently well off. Suppose one makes the judgment that the
reduction in value due to an increase in cost from $200 to
$225 is exactly compensated for by a decrease in the failure
rate from 8% to 4%. This implics that phones that cost $200
with an 8% failure rate are indifferent to phones that cost
$225 with a 4% failure rate. Obviously, phones that cost

$223 with a 4% failure rate are preferable to phones that
cost $230 with a 4% failure rate, since both have 4% fail-
are rates and the $225 price is preferred to $230. Using the
logic of transitivity, it follows that the offer of phones for
$200 with an 8% failure rate is preferred to the offer of
$230 with a 4% failure rate. In this example, the specific
value trade-off made was that the decrease in value due to
an increase in costs from $200 to $223 is exactly compen-
sated for by a decrease in the failure rate from 8% to 4%.

This example may make it seem simple, yet making
vaiue trade-offs is one of the most difficult elements faced
in important decisions. Value trade-offs are necessary to
make smart choices in any decision iavolving multiple
objectives. These value irade-offs must be made either
implicitly or explicitly. When made explicitly, most of the
time, value trade-offs are used to facilitate clear think-
ing aboul the choice, Scmetimes an analysis of the alter-
natives is conducted that incorporates the value frade-offs
in the evaluation. Decision analyses, cost-benefit analy-
ses, multiple-objective programming, or any analysis of a
multiple-objective decision must include value trade-offs.

To determine useful value trade-ofls for a decision, there
are two requirements. First, focus your efforts on the sub-
stance of the value trade-off issues of that decision. Second,
avoid errors and biases in the assessments ol the value judg-
ments necessary to quantify the value trade-offs. In short,
first do the night thing and second, do it right. In attempt-
ing to address the substance of the value trade-off issues,
several commonly made mistakes can lead you astray. The
purpese of this paper is to describe these mistakes and indi-
cate how to avoid them. We also call attention to many
assessment errors and biases that can bamper assessments,
and our suggested procedures attempt to minimize their
impact. However, a separate paper could address this sec-
ond requirement to obtain useful value trade-offs.
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2. UNDERSTANDING VALUE TRADE-OFFS

A key reason for many mistakes in making value trade-
offs is that the concept of a value trade-off is frequently
misunderstood. Take a very simple example. Suppose you
are reasonably hungry and have $30 in your pocket, Your
hunger is such that you would be indifferent between cating
a hamburger and keeping $20 and not eating the hamburger
and having $30. In other words, your value trade-cff for the
hamburger is $10. This means that you would be willing to
pay up to 510 for that hamburger if you had fo. However,
suppose there is a convenient location where you could
purchase a hamburger for $4. Now, you are willing to pay
only $4 for the hamburger (and not more) and keep $26 in
your pecket, Such a decision makes you better off: Having
eaten a hamburger and keeping $26 is preferred to having
$30 and not eaten a hamburger. Your value trade-oll [or
the hamburger is $10, whereas the trade-cff that you are
willing to make given the choices available is to pay $4 for
a hamburger. For this reason, in lay terminology, we refer
to & value trade-off as an “even swap” (Hammond et al.
1999), as you are equally well off atter an exchange based
on a value trade-off is made.

Value judgments are required o make value trade-offs.
You cannot determine them exogenously from information
other than your value judgments. For instance, from know-
ing only that hamburgers are available for $4, you cannot
determine the value trade-off for a hamburger.

Value trade-offs work reciprocally. Recall in the wire-
less telephone example that a value trade-off was that the
decrease in value due to an increase in cost from $200 to
$225 was compensated for by a decrease in the failure rate
from 8% to 4%. Thus, the consequences ($200, 8% fail-
ure rate} and ($225, 4% failure rate) are indifferent, Hence,
a reciprocal value trade-off is to accept an increase in the
failure rate from 4% to 8% in exchange for a decrease in
cost from 3225 to $200 per telephone.

Making good decisions requires good value trade-offs.
This raises the issue of what is a good value trade-off.
A good value trade-off is one that accurately represents
your views. Making decisions consistent with good value
trade-offs will lead you to choose alternatives that, vsing
your values, are more desirable than other alternatives you
could have chosen. Like any value judgments you make,
you must be the final judge about whether they are appro-
priate for you. Sectiens 4 and 5 discuss several mistakes
to avoid and guidelines to follow to enhance the likelihood
that you make good value trade-offs. Section 3 outlines a
framework to think about these value trade-ofls.

3. THE BASIC MODEL TO ASSESS
VALUE TRADE-OFFS

Value trade-offs can be defined specifically using a basic
value model. Let us characterize the objectives of a decision
by Oy,...,0,, where n is at least 2, as you need at least
two objectives to have value trade-offs. Define X|,..., X,
to be a set of measures (i.e., attributes) that describe the

degree to which the respective objectives are met. Then a
consequence can be described as x = (x, ..., x,), where
x; 18 a specilic level of X;.

A value trade-off specifies, and can be clicited by
determining, two consequences that differ in terms of two
measures and that are indifferent to each other. When there
are more than two objectives (ie., n > 2) and we talk
about value trade-offs between objectives O, and (),, we
are assurning that the levels of the other objectives are
held fixed. When n# = 2 and we talk about value trade-offs
between objectives O, and O, we we still assuming that
all other factors, including objectives that are not stated,
are held fixed.

We need only two objectives for iHlustrations in this
paper, sc we can denote the measures for objectives O,
and O, as X and Y respectively. We represent a conse-
quence by (x,y) where x and y are specific levels of X
and ¥, respectively. For our wireless telephone example,
our two objectives were to minimize the cost of telephones
and {o maximize their quality. The measures X and Y used
were, respectively, the cost of the telephone in dollars and
the failure rate in percent. Then, ($210, 5%) means a con-
sequence where the cost of the telephone is x == $210 and
the failure rate is y = 5%.

To specify a value trade-off, we can determine two con-
sequences that are indifferent to each other. For instance,
suppose that given a number of questions, it is determined
that (x;,y,) is indifferent to (x,,y,) in Figure 1. This
indifference pair specifies a value trade-off that has four
equivalent interpretations:

» PFrom (x,, ¥,), an increase in X to x, is compensated
for in terms of value by a decrease in ¥ to yy.

o From (x,,y), an increase in ¥ to y, 15 compensated
for in terms of value by a decrease in X to x;.

+ From (x;, y,}, an increase in X to x, and an increass
in ¥ to y, are cqually valued.

s From (xy, y,), & decrease in X to x, and a decrease in
¥ to y, are equally valued.

The two consequences (x, y;} and (x5, y;) would also be
on the same indifference curve, which is a curve describing

Figure 1. Aid to interpreting value trade-offs.
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a complete set of conseguences that are each indifferent to
each other.

To specily a value trade-off does not require an indif-
ference curve or an objective function. Rather, these are
constructed based con value trade-offs. On the other hand,
given an indifference curve, one can determine a set of
value trade-olfs represented by that curve. Given an objec-
tive function, one can obtain a mathematical representa-
tion of an indifference curve simply by setting the function
equal to a constant. Indeed, a common way to determine a
set of all indifference curves is to first determine an objec-
tive function.

When doing analysis of a multiple-objective decision,
one often constructs an objective function based on value
trade-offs and other preference information such as one's
attitude towards risk. One popuiar objective function is
the additive utility function (see Fishburn 1965). With twe
objectives, the additive utility function is

w(x, v) = ko, (2) -+ ki (3), {1

where # is the wtility function over the two objectives,
i) and 1, are single-objective utility functions over the cor-
responding cbjectives, and &, and k, are scaling {actors that
are specified by a value trade-off. To determine these scal-
ing factors, one equates the utility of the two indifferent
conseguences using (1) to create one equation with &, and
k, as unknowns, Normalizing so k| 4k, = 1 provides a sec-
ond equation from which the k;s can be solved. The scaling
factors weigh contributions of the different cbjectives to the
desirability of alternatives. Hence, the value trade-offs are
critical to making smart choices in complex decisions.

Before proceeding, it is useful fo comment on two
stightly more technical matters about the relevance of the
ideas in this paper. The first concerns value functions and
utility functions and the second concerns objective func-
tions that are not additive.

Analogous to the additive utility function, Dyer and Sarin
{1979, 1982) discuss conditions necessary for the existence
of an additive measurable value function with the same
general form as (1). The difference is that 1 in this case is a
measurable value function useful for evaluating alternatives
{i.e., consequences) that do not involve risk (ie., uncer-
tainties} and the «; are single-objective measurable value
functicns. The &, are scaling factors with the same interpre-
tation as in {1). All of the mistakes discussed below and the
assessment procedure for value trade-offs suggested in §5
are relevant to both value functions and utility functions. In
both cases, the assessments of value trade-offs to obtain the
scaling factors involve preferences for consequences that
do not involve risk.

There are many objective functions that are not addi-
tive and a large body of technical literature that discusses
conditions under which different functional forms hold
(Keeney and Raiffa 1993, von Winterfeldt and Edwards
1986, Kirkwood 1997). A nonadditive two-objective exam-
ple is the ntility function

w(x, y) == ko (X) 4+ kqity () + kqu (), (), (2}
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where all terms are defined as in (1) except &y is a third
scaling [actor and now k&, 4k, + k3 = 1. In addition to
this normalization, we need to generate two additonal
eguations by equating utilities of indilferent consequences
using (2). Then the three equations can be solved to
obtain the k. In determining each pair of indifferent conse-
quences, value (rade-olls are necessary. For each of these,
the mistakes and the recommended assessment procedure
discussed below are relevant.

4. NMISTAKES MADE IN DETERMINING
VALUE TRADE-OFFS

It has often been said that the biggest error made in
addressing a problem is to address the wrong problem. To
determine good value trade-offs, you need to address the
substance of the value trade-off problem. This paper is con-
cerned with addressing that substance, so you deal with the
right problem. There are many potential mistakes that can
lead one awry in this task.

The mistakes, listed in Table 1 and discussed below,
are commonly made in determining value (rade-offs.
Some concern understanding the task. Others concern
structuring the decision problem to be addressed. Still oth-
ers occur in determining the judgments necessary io spec-
ify the value wrade-offs, which is referred to as assessing
the value trade-offs, These mistakes frequently cascade. For
exampie, not understanding the task well often leads to a
poor structuring of the decision problem, which results in
inadequate value judgments.

One way or another, the result is that the expressed value
trade-offs do not represent the true interests of the decision
maker, When this occurs, the value trade-offs provide little
or no insight, contribute to a poor decision, and result in
frustration with the decision process.

Mistake I: Not Understanding the Decision Context.
It is necessary to understand the decision context to make
good value trade-offs. This means that you should know
what the decision is, what 1t is intended to accomplish, and
what types of alternatives are available. It is also important

Table 1. Twelve commoen mistakes in making value

trade-offs.

Mistake §. Nol Understanding the Deciston Conlext.

Mistake 2. Not Having Measures [or Consequences.

Mistake 3. Using Inadequate Measures,

Mistake 4. Not Knowing What the Measures Represent.

Mistake 5. Making Trade-Offs Invelving Means Objectives.

Mistake 6. Using Willingness to Swap as a Value Trade-Off.

Mistake 7, Trying to Calculate Correct Value Trade-Offs.

Mistake 8. Assessing Value Trade-Offs Independent of the
Range of Consequences.

Mistake 9. Not Having Value Trade-Offs Depend on Where You
Start.

Mistake 10.Providing Conservative Value Trade-Offs.

Mistake 11.Using Screening Criteria to lmply Value ludgments.

Mistake 12.Failure to Use Consistency Checks in Assessing
Value Trade-Olffs.
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to understand the time scale for the decision and whoese per-
spective the stated value trade-offs are meant to represent.

Suppose you are considering four different jobs at a par-
ticular company. The jobs differ in terms of your monthly
pay and hours worked per week, where your objectives are
to maximize pay and to minimize hours worked {to perform
your job well). In deciding whether you prefer the conse-
quence of $4,000 per month working 50 hours per week or
$7,000 per month working 80 hours per week, it may be
relevant to know whether the time period you are consid-
ering in this sitnation is six months or five years, It might
be worth the extra money from working 80 hours per week
for a six-month period, but this may aot be the case for a
five-year period.

In an important decision facing a utility company, two of
the objectives were o minimize electricity costs (o ratepay-
ers and to maximize the retum to company shareholders
(Keeney et al. 1986), Executives at the utility company
were asked to consider whether they would prefer an
average electricity bill for a residential customer of $50 and
a 6% return to shareholders, or an average monthly bill of
$65 and an 8% return to shareholders. In this decision con-
text, it is necessary to know whether the perspective taken
should be that of the shareholder, the ratepayer, a combina-
tion of these, or the public utility commission of the state.
One couid imagine that each of these parties may have dif-
ferent value judgments on what appropriate value trade-offs
would be in this situation. Alse, these value judgments may
depend on the inflation rate.

Mistake 2: Not Having Measures for Consequences.
You cannot make reasonable value trade-offs without an
understanding of the consequences being considered, yet
almost everyone will answer questions that seemingly
address value trade-offs without such an understanding.

During a training program for television and newspaper
reporters on environmental risk, I asked the following: In
the clean up of hazardous waste sites, rank the following
in order of importance: economic costs of the clean up,
potential human life loss or sickness due to the hazard,
potential damage to the environment (i.e., flora and fauna).
Perhaps not surprising was that 79 out of §0 participants
ranked potential human fife loss or sickness first, then envi-
ronmental damage, then economic cosls. However, no one
asked how much human life loss or environmental damage
or costs are being considered. When I then asked partici-
pants to rank the importance of spending $3 billion, avoid-
ing a mild two-day illness te thirty pecple, or destroying
ten square miles of mature, dense forest, their preferences
completely flipped. Obviously, spending $3 billion is more
significant than avoiding mild illness to thirty individuals
for two days. We could spend $3 billion and get much
more for our money in terms of betler health or in terms of
better enviromment or both, So what did their original rank-
ings mean? The answer is nothing. The mistake is that you
cannot think clearly about value trade-offs without some
consideration of the consequences, and an appropriate way
to do this is to have measures for them.

A specific case from Breyer (1993) is insightful. A
toxic waste dump in southern New Hampshire was mostly
cleaned up, but a small amount of diluted toxic material
remained. It could be removed by incinerating the dir,
which conid, in theory, alleviate any possible health effects
in the future. Perhaps thinking that health effects were more
important than cost, without considering how much of each
was at slake, one party litigated to have $9.3 million spent
for the clean up. During the court case, it was learned that
al} parties seemed to agree that the waste dump was already
clean enough for chiidren playing on the site to sat small
amounts of dirtl daily for 70 days cach year without signif-
icant harm. Burning the soil weuld make it clean enough
for children to eat dirt for 245 days out of the year without
significant harm. However, there were no children in the
ared, as it was a swamp. Understanding the consequences
in terms of additional cost and changes in potential health
impacts should make a choice like this straightforward.

Mistake 3: Using Inadequate Measures. Similar to the
mistake above, if you have an inadequate measure, you
can’'t understand what the consequences are. Hence, you
can't make reasonable value trade-offs. Consider expen-
sive medical programs intended to save lives. Suppose the
objectives are to maximize lives saved and minimize costs,
The number of lives saved may be selected as the measure
for the first objective, Note that this measure counts the sav-
ing of a ten-year old the same as saving an eighty-year old.
Hence, if two competing programs each cost $10 million
and one saves 20 ten-year olds and the other saves 25
cighty-year olds, the second program would be preferred
using the number of lives saved measure.

Many people may feel that saving 20 ten-year olds is
more important. They may argue that each ten-year old that
dies loses 70 years of expected life, and each eighty-year
old loses ten years of expected life. So the [rst program
would save many more years of expected life. For these
people, the mistake is that the measure is inadequate, as it
has implicit value judgments that may not make sense. Peo-
ple may not feel that saving a ten-year old or an eighty-year
old is equally desirable, as the measure implies. To rec-
tify this, one might either choose the measure of collective
years of expected life lost or weight the relative importance
of death at different ages.

A general situation in which cne might not recognize an
inadequate measure is where both the quality and the quan-
tity of some consequence matters. For instance, in many
development decisions impacting streams in the Pacific
Northwest, one of the objectives is to minimize the envi-
ronmental impact on salmon in those streams, In one study,
an initial measure chosen for this objective was the reduc-
tion in the number of salmen in subsequent annual runs
(Keeney and Robilliard 1977). However, trading off reduc-
tions in the salmon run against other environmental con-
sequences or costs of building a power plant proved to be
very difficult. The reason was that a reduction of 1,000
fish in a stream that averages 2,000 per annual salmon run



was much more important than a reduction of 1,000 fish
in the Coluombia River that has an annual salmon run of
1,000,000 fisk. The former was more important because
50% of the run might be depleted, whereas only 0.1% of
the run in the Columbia would be lost.

Similar situations arise in projects that could result in the
loss of forests. An obvious way to measure this is by acres
of forest lost. However, an acre in one forest is not nec-
essarily equivalent to an acre in another forest. One may
be much more dense than the other, or have better-quality
trees, or be part of a wilderness area, or provide higher-
quality habitat for mammals. Obviously, such considera-
tions could greatly affect the value of an acre of forest. In
complex situations like this, it may be necessary (o build
a model involving physical and social attributes and relate
them to measures of the fundamental objectives of value.

Mistake 4: Not Knowing What the Measures Represent.
The forest example helps iHlustrate a related mistake, When
valuing an acre of forest, is it the trees that are being val-
ued, or the trees and the habitat they provide for other flora
and fauna? The appropriate answer depends, of course, on
the consequences that might occur and on the other objec-
tives explicitly listed in the decision.

Suppose two objectives are to minimize the loss of forest
{for the direct value of the trees) and to minimize the ioss
of large mammal habitat. Then, losses in one forest that is
a large mammal habitat count as consequences regarding
both of these objectives, whereas losses in a forest that is
not a habital counts as only the first. If we appropriately
made value trade-offs between loss of forest for its tree
value and loss of forest for its habitat, then both would be
appropriately counted in the decision. The forest without
habitat would naturally be valued less per acre than the
forest with habitat,

Issues such as this routinely occur on Internet websites
concerned with evaluation. Money Magazine provides an
annual evaluation of the best metropolitan areas in which
to live. In 1999, they pul their evaluation scheme on the
Internet so individuals could evaluate metropolitan areas
based on their own preferences (Monev Magazine 2000). To
evaluate the economy of regions, one measure used was the
cost-of-living index, which was normalized to average 100
across the counlry. The Money website stated that the cost-
of-living index ranged from a low of 86.2 in Fort Smith,
Arkansas, to a high of 237.7 in New York. It then asked an
individual to set an ideal value.

Quite frankly, this request is stupid and leads to worth-
less value trade-offs. If the cost of living index is to evalu-
ate only economic costs, then the lower the better, so 86.2
is the ideal given my preferences. On the other hand, if this
index iz also to represent the potential benefits that arise
from having a higher cost of living, my ideal value may be
much higher. Depending on the interpretation, I would be
willing to give up some benefits in terms of other objec-
tives either to lower the cost-of-living index or to raise it.
It is clearly very important to understand what the measure
is meant to represent to make reasonable value trade-olfs.
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Mistake 5: Making Trade-Offs Involving Means Objec-
tives. In evaluating alternatives, it 1s important {0 use a set
of fundamental objectives for the decision being addressed
{Keeney 1992). It is easier to make good value trade-ofls
among [undamental objectives, because the fundamental
objectives state the reason for being interested in the prob-
lem. In problems involving air pollution, two objectives are
to minimize the cost of reducing air pollution and minimize
the number of health effects (sometimes deaths) attributable
to air pollution. However, in many analyses of air poflation
problems, a means objeclive—namely, to minimize the air
pollutant concentration—is used as a proxy for the [unda~
menlal objective—to minimize health effects. This practice
leads to the following conundrum. How can one thought-
fully make value trade-offs between an air pollutant con-
centration and cost?

A specific example concerns a national air guality stan-
dard for carbon monoxide {CO). Suppose it costs 33 billion
annually if CO concentrations are limited to 3 parts per
million, and suppose that the standard costs $6 billion if
concentrations are held at 2 parts per million. What are the
value trade-offs between costs and the limit on the air pol-
lutant concentrations? Is it worth $3 billion to lower con-
centrations from 3 parts per million to 2 parts per million?
The only way to think clearly about this is o try to under-
stand what health effects might be caused by councentra-
tions of 2 parts per million and 3 parts per million. This is
an extremely difficult task that very few people would be
able to do well informally. The appropriate way to address
this is to model the casual relationship between pollutant
concentrations and potential health effects, recognizing of
course the uncertainty in this relationship. Then one could
deal directly with the value trade-offs between costs of the
national air quality standard and the health effects averted
(Keeney et al. 1984).

Fischer et al. (1987) did some inleresting experiments
to show how using the means objective in this conlext
results in inappropriate value judgments. They assessed
value trade-offs between costs of an air pollution control
program and air pollutant concentrations, and also between
costs of that air pollution control program and health effects
avoided. The same people answered the value trade-off
questions in both situations and were given the probabilistic
relationship between concentrations and the health effects.
The result was that individuals tended to put a greater
weight on the air pollution concentrations than would be
warranted based on their value trade-off between the fun-
damental objectives of cost and heaith effects averled,

Mistake 6: Using Willingness to Swap as a Value Trade-
Oft, A value trade-off both defines and is defined by two
consequences that are indifferent to each other. The inter-
pretation is that you would be equally satisfied (or dissat-
isfied) il you had either consequence. As illustrated with
the hamburger example in §2, this does not mean that you
would be willing to swap one consequence for the other,
The reason is that there may be alternatives that increase
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Figure 2. Production possibility curves do not express
value trade-offs.

$660 e
$6501 |

Cost §6401 + \c = ™B

per $630 i \\ \\

Unit 4 A prdcion
‘1’6207 DN ‘l’os.ilhi[liiy Y

L
3

LA
$600 : S
0 1 2 3 4 3 6

Months to Market

your satisfaction and you would rather do this than keep it
the same.

Consider the final design stage for a particular com-
puter. The objectives are to minimize the cost of man-
vfacturing the cormputer and to minimize the time to
market. These objectives are measured by the manufac-
turing cost per unit and months to market as shown in
Figure 2. This figure illustrates two indifference curves
by dashed lines and the production possibility curve by
the solid line. The production possibility curve indicates
that Consequence A represents the lowest-cost computer
(3600) and that its anticipated time to market is five
months. Based on the indifterence curve through this con-
sequence, a value trade-off at ($600, five months) is that
the loss in value due to increase in unit cost of 335
is compensated by a decrease in the time tc market of
one month to four months. Hence, Consequence A and
Consequence B meaning ($635, four months) are equally
preferred. However, the company would nat be willing to
exchange A for B, as an alternative indicated by Conse-
quence C, namely ($635, one and a half months) on the
production possibility curve reduces the time to market to
one and a halt months for that $35 investment. Even bet-
ter than Consequence C is Conseguence D of ($625, twe
months), where the production possibility curve is tangent
to the indiffereace curve. Given the production possibility
curve and the value trade-offs represented by the indiffer-
ence curves, the best decision for the company is to pro-
duce a $625 product that comes to market in two months.

Mistake 7: Trying to Calculate Correct Value
Trade-Offs. There are no externally correct value trade-
olfs. Your value trade-offs must be based on your value
judgments. Hence, they cannot be calculated or determined
directly from other information without using your value
judgments. However, information and calculations are often
useful to help make meaningful value trade-olfs.
Numerous government programs spend large amounts of
money to save lives of citizens of the United States. These
programs concern pollution reduction, automobile safety,
equipment and job safety, and medical and health programs
(Tengs ot al. 1995). To make an appropriate value trade-off
between the cost of the program and the potential expected
lives saved from that program, it may be useful to calculate
the cost of reducing risks that save lives in other programs.

Consider this example. Suppose calculations indicate that
each $10 million invested in an existing Program A to
reduce a specific air pollutant reduces the expecied loss of
life by one individual. This suggests that the valuc {rade-
off between lives saved and cost in Program B to reduce a
different air pollutant should be no greater than $10 mitlion
for every life saved. To see this, suppose the value trade-off
in Program B was set at $50 million per life saved, mean-
ing that we should spend up to $50 million to save one
life. Each $50 million spent lo save a life using Program
B will not be available for Program A that saves lives for
each $10 millon invested. The result saves one rather than
five lives, and the same people may be subject to bolh
pollutants.

There are other uses of calculations to help determine
appropriate value trade-offs. In many decisions that con-
cern the siting and construction of major facilities, such as
power plants or transmission lines, a common issue is aes-
thetics. The fundamental objective is to minimize degraded
views. When one considers trading off the cost of the
project versus its degraded views (i.e., how much il is worth
to make 1t less unsightly), important information concerns
how many people will view the site or the transmission
lines. This information might be gathered by survey or
calculated.

Calculations frequently help one to better understand
the implications ol diflerent levels of achieving objectives,
and this provides a basis to make better-informed value
trade-offs. For example, different upgrades to water treat-
ment facilities may be considered to reduce the amount
of pollution dispersed into the surrounding waters. Natural
measures for the obiectives of minimize cost and minimize
pollution emissions are the cost of the project in doilars
and tons of emissions. However, to better represent how
important a particular cost is, it may be useful to calcu-
late the annual cost that each homeowner would pay to
construct the facility. In a sense, this may be thought of
as changing the measure of the cost objective, but opera-
tionally it is better to keep both measures. Hence, the cost
ol a facility might be described as 325 million, resulling in
an additional $50 per year for water for each homeowner.

Mistake 8: Assessing Value Trade-Offs Independent of
the Range of Consequences. Suppose you are consid-
ering purchasing a new house because your child is now
ready to attend school. You examine several houses and
narrow the choice to six alternatives, each in a different
school district. The houses are more or less equivalent
except in terms of cost and the guality of the school dis-
tricts. Your objectives are to minimize house costs and to
maximize the quality of the school district, The respective
measures are cost in thousands of dollars and the percent-
age of the student body performing above the national aver-
age on standardized tests. In terms of these measures, the
houses you are considering range in cost from $160,000 to
$240,000 and in percentage of students performing above
the national average from 57% to 86%.



In an atlempt to help you, a well-meaning realtor might
state something like the following: “If all comes down to
whether the cost of the house or the quality of the school
district is more important, Which is more important to
you?” This is a misguided question that does not really
address your value trade-offs.

II' you answered that school quality is more important,
does this imply that a $240,000 house with 75% of students
performing above the national average is preferred to a
$160,000 house with 72% of students performing above the
national average? Likely not. If you answered that housing
cost is more important, does this mean & $179,000 house
in a district where 47% of the studeats perform above aver-
age is preferred to a $185,000 house where 86% of the
students perform above average? Again, likely not. Either
way, your answer to such a question frequently resuits in a
misrepresentation of your value trade-offs. The problem is
the same as that leading to Mistake 2Z; you must know how
much of each consequence you are talking about in order
to make reasonable value trade-offs.

To make the point another way, suppose that you are
asked “Which objective is more important, the cost of
the house or the cost of the house?” If you heard such
a question, you would think that it was misstated. But
suppose you were asked which is more important, the
increase in the cost of the house from $160,000 10 $240,000
or from $180,000 to $210,0007 Here you could eas-
ily answer that the change from $160,000 to $240,000
is much more important. The change from $180,000
to $210.000 makes the house more difficult to afford,
whereas the $80,000 jump to $240,00C may make the pur-
chase almost impossibie. Thus, in making value trade-offs
between cost and school guality, you would need a greater
increase in school guality to compensate for an increase
in housing costs from $160,000 to $240,000 than from
$180,000 to $210,000.

Several experiments have empirically demonstrated the
mistake of assessing value trade-offs independent of the
range of consequences. Subjects are given gquestions with
at least two alternatives described in terms of consequences
on two or more objectives. The ranges of those conse-
quences are varied in different questions. Subjects are typi-
cally asked to rank the importance of a set of objectives for
a given decision. Then they are to assign an importance of
100 to the highest-ranked objectives and smaller numbers
representing the relative importance of the other objectives.
In an early study, Gabrelli and von Winterfeldt (1978)
found that the ranges of consequences did not affect the
importance weights as they should. More detailed stud-
ies, such as Borcherding et al. (1991) and von Nitsch and
Weber (1993) got similar results.

Fischer (1995) examined job choices that differed in
terms of annual salary and annual paid days of vacation. In
two experiments, he again demonstrated the insensitivity of
importance weights as assessed above to ranges of conse-
quences. When the assessment procedure was changed to
assess so-called swing weights by asking subjects 1o rank
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the importance of the ranges of the consequences on the set
of objectives and then rate them relative to 100 for the
highest-ranked range, there was a sensitivity found for the
range. However, it was less than the trade-oll procedure (hat
explicitly asked for pairs of consequences that the subject
found to be indifferent. Fischer hypothesized the reason for
this is that a more explicit focus on what is gained or lost
in terms of differed ohjectives will resnit in a greater sensi-
tivity of the assessed values to the ranges of consequences.

Mistake 9: Not Having Value Trade-Offs Depend on
Where You Stari. There is a tendency to assess a value
trade-off between the units of measurement of the differ-
enl objectives and then extrapelate it over the entire range.
Such an extrapelation is often done finearly, which is rea-
sonable only if each successive unit change in the different
measures has the same values as the previcus change. This
is not a reasonable assumption when there is risk aversion
or dizninishing marginal utility {Keeney and Raiffa 1993).
In addition, reterence points based on such things as goals
and aspirations can distert such assessments (Kahneman
and Tversky 1979, Heath et al. 1999).

Suppose that in the decision involving housing cost and
school quakity that an individual stated the following value
trade-off. A $10,000 increase in house cost is compensated
for by a 5% increase in the number of students perform-
ing above the national average. This assessment may have
been explicitly, or more likely implicitly, made by thinking
about consequences in the range that one expects or hopes
to find. For instance, it may refer to a change in the housing
cost from $160,000 to $170,000 in exchange for an increase
in the quality of the school district from 60% to 65% of
the students performing above the national average. If so,
it does not necessarily follow that an increase in housing
cost from $220,000 to $230,000 could be compensated by
a change in school quality from 80% to 85% . It is obvi-
cus that this proposed value trade-off involves an increase
in cost of $10,000 in exchange for an increase in the qual-
ity of school district of 5%. However, an increase in cost
from $220,000 to $230,000 may be more significant than
an increase from $160,000 to $170,000. It also may be
the case that the increase in the guality of the school dis-
trict from 80% to 85% is not as important as the increase
in the quality of the school district from 60% to 65%.
Such an extrapolation should not be made without carefully
considering such implications and their reasonableness.

Mistake 10: Providing Conservative Value Trade-Offs.
Consider a state deciding how much to spend to improve
the safety of its highways. The state has the two objec-
tives: maximize lives saved and minimize the cost of the
upgrades. In this example, we will assume that it is rea-
sonable that preferences are linear for each measure, mean-
ing that each $1 million spent is exactly as important as
the previous $1 million and that each life saved is equiv-
alently valued. State regulators may believe that an appro-
priate value trade-off is that an increase of $5 mitlion is
compensated for by lowering driving risks such that one
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additional life is saved. Suppose, however, that individuals
making these value trade-offs think as foHows: “Just to be
safe, we should put a factor of safety of two in this value
trade-off and say that an increase in cost of $10 million
is exactly compensated for by reducing the risk enough
to save one additional life” This sounds noble. However
decisions made based cn such a value trade-off may be ill
advised and result in the loss of additional lives. Why?

Suppose existing information indicates that a life can he
saved for each $5 million invested in improving the qual-
ity of the highways between the bridges. Also, suppose
that analyses indicale that a $300 million investment on
bridges could save 140 lives over the next 30 years, the
lifetime assumed for the bridge upgrades. Given the value
trade-off of $5 million per life saved, such an investment
would clearly make sense as it could save lives at $3.57
million per life saved. However, suppose that investment of
an additional $300 million (i.e., an increase to a $1 billion
investment) could only save 60 more lives, as the more crit-
ical bridge upgrades were provided by the first $300 mil-
lion investment. Using the value trade-off of $5 million per
life saved, one would not make this additional $500 mil-
lion investment as the cost per life saved is $8.33 million.
With the conservative value trade-off, such an investment
would be made and 60 additional lives would be saved.
This perhaps sounds reasonable until one considers the real
consequences of the decision.

If the second $500 million investment were made on road
improvements rather thar on additional bridge upgrades,
it would have resulted in a saving of 100 lives, which is
cbviously 40 more than the 60 saved by the additional
bridge upgrades. In such a case, decisions based on the
conservative value trade-off result in an unnecessary foss of
4Q lives in a 30-year period. It is important to recognize that
the individuals at risk in both situations, because of acci-
dents on the bridges and accidents on the roads that con-
nect bridges, are the same. The moral is that conservative
value judgments do not make sense and do not necessazily
lead to what one might think of as conservative decisions,

Mistake 11: Using Screening Criteria to Imply Value
Judgments. Often one is asked questions in purchasing
contexts such as the following: “"What is the maximum
you would be willing to pay lor a car?’ Suppose you
say $25,000. An implication that many take from this is
that any improvement on another objective is not worth it
if it simultaneously increases the price of the car beyond
$25,000. Suppose you live in a hot, humid area and desire
air conditioning in your car along with many other features.
Suppose further that one particular car with all of these fea-
tures except air conditioning costs $24,700. The sales per-
son says that air conditioning can be included for $25,300.
Even though you said the maximum amount you are will-
ing to pay for the car is $25,000, you may easily conclude
that the car for $25,300 with air conditioning is preferable
to the car for $24,700 with no air conditioning. This would
imply that your value trade-off for that air conditioning is
at least $600.

Unfortunately, many websites intended to help you eval-
uate products (e.g., Activebuyersguide.com 2001) do net
currently have he logic comparable to a good sales per-
son. On a now defunct website {Personalogic.com 2000),
the $25,300 car would not have been suggested because of
the $23,000 screening criteria. An implication is that begin-
ning at $24,700, an increase of more than $300 cannot be
compensated for by the addition of air conditioning. Begin-
ning at $24.980, an increase of oaly $25 is not worth it
to include air conditioning. The value trade-offs implied
by screening criteria are often inconsistent with your true
values,

Used well, screening criteria can help you quickly elim-
inaie inledor alternatives. To do this, screening criteria
should be broadly set to avoid eliminating any alternatives
that are real contenders. In the car example, this means that
you should have set the maximum you would pay for an
automobile at $30,000. This implies that you would con-
sider a car with all your desired features except air condi-
tioning that cost $29,950 and not consider a car that added
the air conditioning and cost $30,020. However, neither one
of these would be your preferred car because they both cost
much more than you wish to spend. If you have a good set
of value trade-offs, these will provide an appropriate evalu-
ation of all the alternatives that are considered. Reasonable
value trade-offs will imply that an increase in cost, from
say $28,000 to $30,000, would likely be so significant that
it would outweigh most improvements in achieving other
objectives. However, they would not impty that a change
from $24,700 to $25,300 would be so heavily considered,
and hence, what might tum out to be a preferred alternative
would not be eliminated from the set under consideration.

Mistake 12: Failure to Use Consistency Checks in
Assessing Value Trade-Offs. Value trade-offs are infor-
mation. They are based on your value judgments and any
other knowledge that you have. Eliciting value judgments
is subject to bias and random errors (see, for example,
von Winterfeldt 1999 aad Fischer et al. 2000). Hence,
it is important to check the reasonableness of the value
trade-ofts.

There are two types of checks of value trade-offs. The
first involves redundant assessments in determining the
value judgments. Consider different plans that might clean
local estuaries or lakes by reducing runoff from [estilizer
and erosion damage from roads and commercial activity in
the area (e.g., Gregory 2000). Three objectives might be to
minimize the cost of the program, maximize the quality of
the water resource, and minimize the loss of jobs. These
might be measured respectively by dollars, annual adult fish
in the local water, and jobs lost. It might be decided that
a reasonable value lrade-off is that an additional cost of
$300,000 is exactly worth a 2,000 increase in annwal fish
in the region, given that jobs are held fixed. Another value
trade~off may be that a $500,000 increase in program cosls
would be compensated for by preserving 10 local full-time
jobs. As a consistency check, one might trade off poten-
tial job loss with the local fish. To be consistent, it should



be the case that a loss of 10 local full-time jobs would
be compensated for by an annual increase in local fish of
2,000. However, in making this value trade-off, individuals
may state that a decrease of five full-time jobs is indiffer-
ent to an increase of 2,000 fish annually. Such a response
is inconsistent with the previous two stated value trade-
offs. Inconsistencies are not unexpected, as making value
Jwdgments is difficult. Based on such an inconsistency, one
should review the full set of value judgments and adjust
them such that they become consistend, It is partly through
this process of modification and improvement that we can
construct better value trade-offs.

Given a consistent set of value trade-offs, as mentioned
in §3, we can construct an objeclive [unction that caplures
all possible value trade-offs. A secoud type of consistency
check involves testing the implications of this objective
function. In the example above, it may be that an increase
in local fish of 2,000 per year refers to an increase from
the current 3,000 to 5,000. If one had an objective functicn,
it may indicate that an increase from 5,000 to 7,000 fish
annually is not as important as the previous 2,000 jump.
Indeed, it may be implied by the objective function that an
increase from 5,000 to 10,000 fish is needed to compensate
for a $500,000 increase in the cost of the plan. This value
judgment should be reviewed by those providing the values
to see if it represents their interests. The opportunity for
many such checks after the objective function is expressed
helps in the process of modification and improvement to
provide a useful complete representation of the values of
the decision maker.

5. MAKING GCOD VALUE TRADE-OFFS

Clear thinking about value trade-offs requires a knowledge
of what has been said about value trade-offs in this paper.
It is important to understand each of the potential mis-
takes and how they may hamper determining good value
trade-offs. One needs to understand that the value trade-
olfs between the achievement of two objectives indicate
how much of one a person would give up in exchange for a
specified amount of another that would result in one being
equally well off. In other words, value trade-offs can be
characterized by consequences that one finds to be indif-
ferent. It 15 essential to realize that value trade-offs must
be based on value judgments, and that there are no univer-
sally correct value trade-offs that can be calculated without
value judgments.

Once the general issues of vajue trade-offs are under-
stood, to determine a useful set of value trade-offs it is
essential to focus the assessment on the substance of the
specific value trade-off problem. This reguires that one not
make any of the 12 previously described mistakes. Each
mistake is a logical error that results in missing some of
the substance of the problem. The four steps below address
the substance of value trade-offs and avoid any legical mis-
takes. This is necessary but not sufficient to result in useful
value trade-offs.
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Behavioral decision scientists have demonstrated numer-
ous psychological traps in any assessment procedure that
hinder the results. See, for example, Kahaeman et al.
(1982), vor Winterfeldl and Edwards (1986), and Baron
(1997). Other relevant literature particularly related to mak-
ing mistakes is refereaced in §4. Hence, there are two
requirements for assessing good value trade-offs. The first
is to do the right thing {i.e., focus on the logical substance
of the value trade-off problem), and the second is to do
it right {i.c., avoid the psychological traps that influence
assessment procedures).

This paper is mainly concerned with the first require-
ment. The four steps below were developed from experi-
ence with applications requiring value trade-offs. The steps
also try to minimize the impacts of psychological traps
while productively using the available time of the persen
being assessed. However, I expect that experiments that
follow the entire assessment procedure could lend useful
insights to further improve the process of how the assess-
ments are done.

Step 1: Frame the Decision Appropriately. The essence
of this step is to structure the decision being addressed.
This reguires one to define a complete set of objectives
of interest and a full range of alternatives to evaluate for
achieving those objectives. It is important to recognize what
the decision process is amd who is involved and how. If
there is a single decision maker, he or she should be iden-
tified. It is important to understand the time frame of the
decision.

All participants in assessing the value trade-offs should
agree on what perspective each is to take. In a business
decision, 1s the perspective to be taken meant to represent
the sharcholders, the customers, the employees, or a subset
or combination of the three? Should separate value trade-
offs be assessed to represent different perspectives? In a
public decision, should value assessments try to collectively
represent stakeholders’ views, or should separate assess-
ments with stakeholders be conducted and then combined
in some fashion to represeat all stakeholders? Whatever is
best for a given decision depends on the decision and the
time and resources available. In any case, before assessing
value trade-offs, all people involved should be clear about
the answers to these questions.

Step 2: Structure the Value Trade-Off Problem. Only
value trade-ofls between fundamental objectives are appro-
priate to evaluate alternatives, These fundamental objec-
tives need to be clearly listed. It is often useful to identify
any means objectives that contribute to better achieving the
fundamental objectives and clarify their relationships to the
fundamenta} objectives.

For each of the fundamental objectives, a clear measure
needs to be identified that indicates the degree to which it
is achieved. Each measure needs to be clearly understood
and meaningful to the decision maker. The value trade-
offs necessary to resolve a decision must address the range
of consequences that might occur as a result of choosing
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an alternative. Hence, it is uvseful to describe this range
of consequences in terms of upper and lower bounds on
the measures. If the fundamental objectives, measures, and
ranges are specified, they will provide a sound structure for
making value trade-offs.

Step 3: Determine Pairs of Consequences That Are
Indifferent. It is hard to make valee judgments about
consequences that differ in their levels of achievement on
two objectives. It is much harder to make value judgments
about consequences that differ in terms of levels of achieve-
ment on three or more objectives. Hence, to make useful
value judgments, one should find indifferent pairs of con-
sequences that differ in their achievement of two objectives
only.

Indifferent pairs should be found by a bounding and
converging procedure. Supposs a major company is con-
sidering alternatives to acguire new customers. Its objec-
tives are to maximize profit over the next two years and
to maximize the market share of its product at the end of
the two-year period. These objectives are measured, respec-
tively, in terms of millions of dollars and percent of market
share. Suppose the prospective ranges are $500 million to
$2,000 million and 20% to 40% market share. The possible
consequence space is shown in Figure 3.

To determine a value trade-olf between the two objec-
tives, cne might begin by asking which consequence
between A, meaning ($500 million, 40%), and B, meaning
($2.000 million, 20%}, is preferred. Suppose A is preferred.
Then one might reduce the marketl share of A to another
Cousequence C that is ($500 million, 25%) and compare it
to Consequence B. The market share in C should be cho-
sen such that it seems that B would be preferred. If this
is the case, there must be some consequence that has $300
million profit and a market share between 25% and 40%
that is indifferent to B. One might sequentially try Conse-
quences D and E and end up with F being indifferent to B.

Since I is ($500 million, 32%), this implies that a
reduction in two-year profits from $2,000 million to $500
million is compensated for by an increase in market share
from 20% to 32% at the end of two years. Converging o
this indifference requires serious thoaght by the individual
whose values are being assessed. To facilitate this thought,
begin with easier judgments first. It is easier to state that
one consequence is preferred to another than to find two
Figure 3. A convergence procedurc to assess value
trade-offs,
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consequences that are indifferent. In the former case, some
of the choices of the preferred consequence may be very
casy, whereas they get more difficult as you get close to
indifference.

Research on assessment technigues {Tversky et al, 1988,
Fischer et al. 1999) has indicated many shortcomings
(i.e., bias) in how people express their preferences for
trade-offs. Collectively, these experiments have certainly
demonstrated that the task is complex. That is all the more
reason to work hard at it. Not only the results, but the think-
ing that occurs in the process, are important. Hence, it is
desirable to have an assessment that both tries (o expose
shortcomings of the expressed preferences to the assessee
and, simultancously, reduce their inflluence,

Fischer et al. {1999) did experiments to examine the
prominence effect that indicates that the promineat attribute
{most important or salient) receives more weight in choice
tasks (choosing which of two consequences is preferted)
than it does in trade-off tasks (setting attribute levels so
pairs of consequences are indifferent). This difference holds
even if the trade-offs are elicited using a convergence pro-
cedure as advocated above. In addition, it is not known
which procedure leads to the more appropriate preferences.
In many situations, the most appropriate value trade-olfs
may be between those irnplied by the different tasks. Given
this complexity, our assessment procedure is designed o
account for and hopefully reduce the prominence effect
by including two important facets: (1) Use both choice
and trade-off guestions as these two procedures tend fo
have opposite implications regarding the prominence effect
(Fischer et al. 1999), and (2) employ consistency checks
that force reflection by the assessee and perhaps lead to a
better internal understanding expression of value trade-offs.

Step 4: Revise Value Trade-Offs as Appropriate to
Assure Reasonableness. Assess more value trade-offs
than ycu need to specify a set of good value irade-offs.
This redundancy will no doubt result in seme inconsisten-
cies, Recognizing these, keep working with the assessee to
revise the assessments to obtain consistency. The process
is similar to triangulation in surveying. In surveying, you
start at a Location A with a known elevation. You survey
to a second Location B and determine its elevation rela-
tive to A. From that point, you continue to a third Loca-
tion C and determine its elevation relative to B. Then you
come back to Point A from Point C to determine its ele-
vation. If it is the same as when you stasted, then the sur-
veying was likely consistent. If you triangulate between a
few more locations, this likelihood of any errors decreases
significantly, as well as the significance of any remaining
errors decreases. The same is frue using redundant value
trade-alls to specily a good set of value trade-offs.

Often the set of good value trade-offs that you want
is the set that is sufficient to specity the scaling factors
in an objective function such as (1) or {2). Given this,
together with the form of the objective function and any
other assessments needed for that function (i.e., single-
objective value functions), you have all the information



needed to specify all value trade-offs (Keeney and Raiffa
1993, Kitkwood 1997). From that, you can examine the
implications of these vaiue trade-offs to see if they seem
reasonable. If some do not represent your true values, then
modifications need to be made to either the objective func-
tion or to the value trade-cffs. The process shouid continue
until you are comfortable with the value trade-cffs. At that
point, one can confidently evaluate the allernatives.

6. FINAL COMMENTS

Making value trade-offs is a very Important part of address-
ing and resolving complex decision problems. If value trade-
offs are made poorly, it is unlikely that a decision consislent
with them will be in vour best interest, If value trade-offs
are made well, you should be able to eliminate all of the
poor alternatives and your choice will be among the best,

Value assessments are never as accurale as physical mea-
surements, but they do not need to be. The reason is that a
set of good value trade-offs is unlikely to be the informa-
tion of lowest quality in a decision. These value trade-offs
will surely allow us to identify the least desirable alterna-
tives and provide insight for not choosing them. In general,
this insight about why different alternatives are preferred
and by how much is invaluable.

This paper provides the information that you need to
make good value trade-offs. It outlines the conceptual
issues and structure for making value trade-offs well. It
indicates the common mistakes that individuals typically
make in expressing and representing value trade-offs and
outlines fouwr simple steps to avoid those mistakes.

Becoming good at making value trade-offs requires prac-
tice. Make some value trade-offs on problems that are of
interest. If you are not satisfied with the result, note the
potential mistakes and revisit the gnidelines to avoid them.
There is no substitute for meaningfizl practice in order to
iearn how to make good value trade-offs.
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